This study evaluated the effect of the 2700 Belsey Mark IV fundoplication on 24 hour ambulatory pH metry variables. Thirty seven patients with confirmed gastrooesophageal reflux disease who had a Belsey Mark IV antireflux procedure were evaluated preoperatively and three to six months postoperatively including endoscopy, lower oesophageal sphincter manometry, and 24 hour ambulatory pH metry. In 30 of 37 patients the Belsey Mark IV fundoplication was judged successful based on symptom relief and healing of oesophagitis. In these 30 patients percentage reflux for total, upright, and supine time (median and range) decreased significantly (p<0.001) from 10-0% (2.7-35.3%)/ 10X8% (3-2-39-9%), and 6-7 (0.0-33-0%) respectively to 0.5% (0.0-7-4%), 0-6% (0.0-13.7%), and 0.1% (0O0-4/9%) after operation. This decrease in reflux time resulted predominantly from a significant (p<0001) reduction in the number of reflux episodes from 98 (23-231) to 14 (0-82) postoperatively. Normalisation of total reflux time (upper limit of normal for time with pH below 4:4%) was found in 89% and normalisation of total and upright and supine reflux in 64% of successfully operated patients with confirmed abnormal acid reflux before operation. A successful antireflux procedure was associated with significant (p<0.001) increases in lower oesophageal sphincter pressure from 7*8 (0.6) mm Hg to 14-5 (0-7) mm Hg mean (SEM). In seven patients with a failed antireflux operation basal lower oesophageal sphincter pressure did not change significantly (preoperative value 5-7 (1-3) mm Hg; postoperative value 7-8 (0.8) mm Hg). In these patients reflux time did not decrease after the operation and remained in the abnormal range in all patients. It is concluded that a successful, in contrast with a failed, Belsey Mark IV fundoplication is associated with significant decreases in total, upright, and supine reflux time. Normalisation of pH metry variables is not a prerequisite for successful antireflux surgery.
Abstract
This study evaluated the effect of the 2700 Belsey Mark IV fundoplication on 24 hour ambulatory pH metry variables. Thirty seven patients with confirmed gastrooesophageal reflux disease who had a Belsey Mark IV antireflux procedure were evaluated preoperatively and three to six months postoperatively including endoscopy, lower oesophageal sphincter manometry, and 24 hour ambulatory pH metry. In 30 of 37 patients the Belsey Mark IV fundoplication was judged successful based on symptom relief and healing of oesophagitis. In these 30 patients percentage reflux for total, upright, and supine time (median and range) decreased significantly (p<0.001) from 10-0% (2.7-35.3%)/ 10X8% (3-2-39-9%), and 6-7 (0.0-33-0%) respectively to 0.5% (0.0-7-4%), 0-6% (0.0-13.7%), and 0.1% (0O0-4/9%) after operation. This decrease in reflux time resulted predominantly from a significant (p<0001) reduction in the number of reflux episodes from 98 to 14 (0-82) postoperatively. Normalisation of total reflux time (upper limit of normal for time with pH below 4:4%) was found in 89% and normalisation of total and upright and supine reflux in 64% of successfully operated patients with confirmed abnormal acid reflux before operation. A successful antireflux procedure was associated with significant (p<0.001) increases in lower oesophageal sphincter pressure from 7*8 (0.6) mm Hg to behind the sternum or the subxiphoid region, or both with or without a relation to food intake or posture. For regurgitation any sensation of spontaneous bringing up of gastrointestinal contents into the pharynx or the mouth was used for definition and dysphagia was defined as an uncomfortable sticking sensation during or shortly after eating. Table I shows that we combined severity and frequency for the presentation of symptoms. Of these 37 patients, in 30 the operation was judged successful (81%) and in seven patients the antireflux procedure had failed (19%). Successful antireflux surgery was defined (a) subjectively, as complete relief or major improvement of symptoms without further need for medical treatment and without interfering with daily life and (b) objectively, as no endoscopic signs of oesophagitis without drug treatment. Of the remaining 43 patients, in 16 no preoperative pH data were available, 26 patients refused postoperative pH monitoring, and two patients died nine months and one year after operation resulting from causes not related to gastro-oesophageal reflux disease or the antireflux procedure. In these 43 patients the antireflux procedure was judged successful in 84% based on symptomatic recovery and in 88% based on endoscopic healing of oesophagitis. Thus the group of 37 patients in whom a complete postoperative evaluation was performed is thought to be representative for the whole group of operated patients.
The indications for antireflux surgery were the presence of reflux symptoms plus either endoscopic oesophagitis or abnormal gastrooesophageal reflux ( (Fig 2) , upright and supine reflux time decreased significantly (p<0-001) after operation. This decrease resulted from a significant (p<0-001) reduction in the number of reflux episodes, both upright and supine. Although the duration of reflux episodes decreased postoperatively in the successful group, this reduction was significant (p<0 05) only for the reflux episodes in upright position.
In the failure group no significant changes in reflux parameters between preoperative and postoperative values were seen apart from a significant (p<0-001) increase in the number of postoperative supine reflux episodes. With the number of supine reflux episodes increasing postoperatively, however, the duration of supine reflux episodes decreased from 3-4 (0.1-17.6) minutes to 2-5 (07-6&8) minutes and therefore reflux time in the supine position did not increase significantly after the operation in the failure group.
Comparing postoperative reflux parameters between the successful and the failure group, the percentages of reflux time and numbers of reflux episodes were significantly (p<0 01) increased in the failure group, whereas the duration of reflux episodes was not significantly different.
According to our previously determined cut off limits to distinguish abnormal from normal acid reflux, 28 of 30 successfully operated patients had abnormal acid reflux with a total reflux time -4% before operation. In two patients total reflux time was below 4%. One patient had abnormal upright reflux (4 5%; normal value -4.40/o) and the other patient had abnormal supine reflux (2-3%; normal value ,-1 2%). All seven patients with a failed antireflux procedure had abnormal total reflux time, pre and postoperatively. Of 28 patients in the successful group with a total reflux time of >4% preoperatively, 25 (89%) showed normalisation of total reflux time after operation. In the three other patients in the successful group total reflux time decreased from 13%, 12.7%, and 13.7% to 6-8%, 5-1%, and 7.4% respectively after the antireflux procedure. None of these three patients had reflux symptoms or endoscopic signs of oesophagitis. Although total reflux time normalised postoperatively in 25 of 28 patients from the successful group, supine reflux time was above the upper limit of normal of 1 2% postoperatively in seven of these 25 patients (patient range 1-3 to 4.90/%).
LOWER OESOPHAGEAL SPHINCTER PRESSURE
Basal preoperative lower oesophageal sphincter pressure did not significantly differ between successfully operated patients (7) (8) (0-6) mm Hg) and the failure group (5.7 (1) (2) (3) mm Hg). After surgery a significant (p<0l001) increase in lower oesophageal sphincter pressure from 7-8 (0.6) mm Hg to (0 7) mm Hg was seen in the successfully operated group (Fig 3) . In the failure group lower oesophageal sphincter pressure increased from 5.7 (1) (2) (3) pressure -16 mm Hg had an abnormal acid reflux whereas abnormal acid reflux (total reflux time >4%) was seen in all patients with a lower oesophageal sphincter pressure -10 mm Hg. With a postoperative lower oesophageal sphincter pressure value between 10 and 16 mm Hg abnormal acid reflux was seen in three patients.
Discussion
Although it is well known that antireflux surgery is effective in reducing reflux symptoms and healing oesophagitis,7-12 it has only been recently shown by 24 hour ambulatory pH metry that antireflux surgery effectively reduces gastric acid reflux into the oesophagus.7 17-20 Since its introduction by Johnson and de Meester23 in 1974, 24 hour pH metry has been claimed to be the most sensitive test to detect gastro-oesophageal reflux disease'3-16 and this is possibly true for the evaluation of medical and surgical antireflux treatment. After Nissen fundoplication exposure time of the distal oesophagus to gastric acid (% of total time with pH<4) decreases significantly and is even completely abolished in up to 40% operated patients.7 17-20 Although the Belsey Mark IV antireflux procedure is as effective as the Nissen fundoplication with regard to symptomatic and endoscopic improvement,'0 11 little is known on the effect of the Belsey Mark IV operation on 24 hour pH metry variables. In this study 37 patients who had a Belsey Mark IV fundoplication for gastro-oesophageal reflux disease were prospectively studied with 24 hour pH metry performed before and three to six months after operation. In the 30 patients who successfully had a Belsey Mark IV fundoplication, the percentage of time with pH below 4 decreased significantly for total time, time in upright position, and time in supine position. This decrease in acid exposure time resulted mainly from a significant reduction in the number of reflux episodes both in upright and supine position. For An increase in lower oesophageal sphincter pressure is thought to be important in preventing supine or night time reflux because supine reflux occurs mainly through a defective lower oesophageal sphincter and not through transient lower oesophageal sphincter relaxations that occur almost exclusively while awake. 29 An increase in lower oesophageal sphincter pressure after the operation, however, was associated not only with a decrease in supine reflux but also with a significant decrease in upright reflux, when patients are awake and reflux mainly occurs through transient lower oesophageal sphincter relaxations. It is not known whether the Belsey Mark IV procedure prevents the occurrence of transient lower oesophageal sphincter relaxations or reduces the number of transient lower oesophageal sphincter relaxations associated with reflux. Postoperative manometry in our patients showed that after a 270°Belsey Mark IV fundoplication the lower oesophageal sphincter relaxes completely upon swallowing, in contrast with a 360°Nissen fundoplication.30 Thus, complete transient lower oesophageal sphincter relaxations reaching zero gastric baseline pressure may be present after Belsey Mark IV operation.
After Nissen fundoplication total, upright, and supine reflux time decrease significantly although normalisation of 24 hour pH metry variables is less frequently found than symptomatic relief or healing of oesophagitis.7 [17] [18] [19] [20] In our study total reflux time normalised postoperatively in 25 of 28 successfully operated patients with total reflux time >4% preoperatively. In three patients, however, abnormal reflux persisted despite clinical and endoscopic improvement. When analysing the postoperative pH metry data in more detail, seven of 25 patients with normalisation of total reflux time postoperatively, still had abnormal supine reflux with values above the upper limit of normal of 1-2%. Thus, successful antireflux surgery defined as improvement or absence of reflux symptoms and absence of oesophagitis does not necessarily require complete normalisation of pH metry data.
The seven patients in whom antireflux surgery was not successful could not be distinguished preoperatively from the successful group based on endoscopic grade of oesophagitis, basal lower oesophageal sphincter pressure or 24 pH metry data. This is in agreement with a previous finding of Mughal et al. 31 Postoperative lower oesophageal sphincter pressure showed no significant increase in these patients and values were below 10 mm Hg in all. Refiux time did not significantly decrease after operation and remained in the abnormal range in all patients. The total number of reflux episodes did not significantly change after operation although upright reflux episodes decreased and supine reflux episodes increased significantly.
Reflux symptoms with : grade 2 persisted in all seven patients with a failed antireflux procedure. Dysphagia improved or was unchanged in 35 of 37 patients. In two patients, however, dysphagia symptoms deteriorated (from mild to moderate in one, from absent to moderate in the other). One patient was successfully operated on and had a postoperative lower oesophageal sphincter pressure of 18 mm with complete relaxation of the lower oesophageal sphincter after swallowing. In the other patient the reflux procedure had failed. This patient had a postoperative lower oesophageal sphincter pressure of 9 mm Hg with complete lower oesophageal sphincter relaxation after swallowing. In this case dysphagia may result from causes other than a strict mechanical origin. Thus, no mechanical barrier at the level of the lower oesophageal sphincter was present and none had gas bloat syndrome.
It is concluded that a successful 2700 Belsey Mark fundoplication significantly decreases total, upright, and supine reflux time. Normalisation of total reflux time was obtained in 89% of successfully operated patients and 1 1% had abnormal reflux time in the absence of reflux symptoms or signs. Complete normalisation with total and upright and supine reflux time below the upper limits of normal was obtained in 64% (18 of 28) of successfully operated patients with abnormal pH metry preoperatively. Thus, normalisation of 24 hours pH metry is not a prerequisite for successful antireflux surgery. In the patients with failed antireflux surgery no significant changes in reflux time were found and a successful 2700 Belsey Mark IV operation was associated with a significant increase in lower oesophageal sphincter pressure, in contrast with the failure group. The restoration of a sufficient lower oesophageal sphincter barrier is an important aim in antireflux surgery.
